Abstract: Technological improvements are seen as one of the best solution in countering the environmental impacts of economic activity. Yet, the success of firms, especially SMEs, in the environmental sector is dependent on the presence of appropriate external financing to support their innovative activity. In an attempt to understand the circumstances surrounding the financing of 330 UK SME firms from the environmental sector between 2007-2010, we investigate the relationship between different types of innovation activity and sources of external finance. We observe a clear division of labour between the three external sources of finance, namely, banks, VC and government and identify that finance gap affects environmental SMEs with early stage and less applied research projects. We discuss the challenges for UK environmental SME to engage in innovative activity and call for an increased government support in order to support innovative SMEs with early stage projects and to instil confidence in the private investors by signalling long term commitment.
Introduction
Access to external finance for small and medium sized enterprises (SMEs) has been the focus of an extensive literature that includes the case of innovative SMEs and the new technology based firms (NTBF). For SMEs with innovative activities, the combination of high levels of risk and uncertainty, information asymmetries and a lack of collateral often results in well-known market imperfections that lead to severe credit rationing for these firms, especially in the case of bank loans (Carpenter and Petersen, 2002a; Colombo and Grilli, 2007) . Constraints to external finance can end up jeopardising innovative activity and consequently, the growth and development potential of innovative SMEs (Beck and Demirguc-Kunt, 2006; Petersen, 2002b, Canepa and Stoneman, 2008; Freel, 2000 , Girma et al., 2008 Savignac, 2008) . Venture capital (VC) finance can be seen as an alternative source of external finance that is better suited to the innovative nature of these firms, yet, it is not widely available in bank-based economic systems and the rejection rates are very high (Cosh et al., 2009) . Moreover, VC finance is often motivated by short-term gains and therefore, focus only on firms with innovations that are close to the commercialisation stage (Mazzucato, 2011) . Government grants are used in order to ease these market imperfections and support innovative SMEs, yet evidence suggests that in most cases these grants do not meet the needs of firms with the highest innovation and growth potential; and their effect on boosting innovation is limited unless they are well tailored to the needs of the targeted firms (Colombo et al., 2011; Hall, 2005; Mason and Brown, 2013; Schneider and Veugelers, 2010; Wallsten, 2000) .
In this paper, we focus on 330 innovative SMEs in the UK's environmental sector in order to explore the relationship between innovation activities and sources of external finance. As argued in Carpenter and Petersen (2002a) , availability of finance is most critical in key sectors that supply the significant knowledge for the future development of the economy. Environmental sector is one of those key sectors for the UK at a time the industry and innovation policies are dominated by a challenge to urgently and drastically reduce carbon emissions. An immediate boost of the innovations in the environmental sector is crucial for the UK to maintain its place in the 'green race' which continuously becomes more competitive due to increased global interest and competition in environmental 3 technologies (Fankhauser, 2013; GreenAlliance, 2013) . Ensuring that the innovative SMEs in the environmental sector have access to the required external finance can be pivotal in determining the UK's success in achieving its environmental targets and taking a lead in the area of environmental innovations.
The main contribution of the paper is through investigating which sources of external finance are used to support the different types of innovation activities undertaken by the UK SMEs in the environmental sector. The literature on financial constraints for innovative firms generally tackles innovation under the broad 'R&D' label without unpacking the different innovation activities: namely basic, applied and developmental research, compiled under this label. Through disaggregating the broad definition of innovation into these more refined and meaningful parts, we are able to scrutinise the relationship between different sources of external finance and these different types of innovation activities. This exercise does not only provide a more detailed map of innovation activities and finance, but also allows us to examine the areas of innovation where financing constraints are more pronounced.
Our results reveal a clear division of labour amongst the financiers of the environmental sector innovations, where commercial banks stay away from the small and medium sized innovators all together and the UK government provides some funding, often in small amounts, for applied research projects. VC finance is limited to a rather small share of SMEs and favours those with the later stage developmental innovation projects with short-term returns. These results indicate that the finance gap in the environmental sector hits SMEs that focus on early stage innovation projects most severely.
The implications of this for the UK's future are discussed in the paper along with policy recommendations to address this market imperfection.
The paper consists of 5 sections. The next section discusses the literature and sets out the hypotheses while Section 3 discusses the data and the empirical strategy used in the paper. In section 4 we discuss the empirical results and conclude in Section 5. 4
Review of the Literature
The industrial economics and innovation literatures on the environmental sector are fairly nascent with little and scattered evidence. As the growing emphasis on global warming is rather recent, so is the academic interest in the environmental sector, its innovations and the availability of finance in this sector. Even though financial constraints are long known to be a significant barrier to innovation (Canepa and Stoneman, 2008) , to our knowledge, no academic study offers a thorough examination of the relationship between availability of finance and innovations in the environmental sector. Moreover, the lack of consensus on what constitutes the boundaries of the environmental sector poses significant challenges in the way of sector-specific empirical studies. Additionally, the SME section of the environmental sector has received even less attention in the literature due to data limitations on the activities of these firms.
In light of these multiple gaps in the literature, this study focuses on the innovative SME section of the UK's environmental sector and examines the relationship between different types of innovation activities and different sources of external finance. In doing so, we aim to bring insights from the innovation and financial constraints literatures and throw light on the current state of the innovationfinance relationship in the UK's environmental sector. This section discusses the literature on financial constraints that affect innovative SMEs and sets out the hypotheses tested in the empirical part of the paper.
Financial Constraints for Innovative SMEs
The issue of 'access to finance' has been at the cross-section of the finance and innovation literatures due to the crucial role external finance plays in facilitating the innovations of firms with limited internal resources. The most commonly used framework to discuss firms' demand for and use of external finance is the Pecking Order Theory which proposes that firms have a ranked preference over the source of financing used; preferring to use internal sources first, then, if necessary seek debt finance and finally equity based finance as a last resort (Donaldson, 1962; Myers, 1984) . In this setting, it is well understood that costs of external finance are significantly higher than internal sources; and different sources of finance pose different costs.
5
Indeed, a broad body of literature gives support to the pecking order theory and confirms that majority of SMEs solely rely on their internal resources (Colombo and Grilli, 2007; Minola et al., 2013; Revest and Sapio, 2012) . However, in the case of innovative SMEs, internal resources may not always suffice to finance and commercialise the innovation projects and firms end up having to look for external
finance. Yet, these firms are hit by significant market imperfections when applying for external finance due to three well-known reasons (Carpenter and Petersen, 2002; Freel, 2007; Hall, 2005) :
Firstly, innovation projects are often lengthy, risky and the returns are uncertain with a highly skewed distribution. Secondly, information asymmetries characterise innovation projects, as the investor is often unable to fully evaluate the merit and potential of the project. Finally, small innovative firms make majority of their investments in intangible knowledge-based assets and therefore, lack the tangible collateral that can be secured against debt to signal lower risk to investors.
A great majority of the empirical SME literature confirms that these outlined disadvantages innovative SMEs face are very severe when applying to bank loans. Using a sample of 386 new technology based start-ups in Italy, Colombo and Grilli (2007) point to the detachment between innovation activities and bank loans as only 8% of the firms rely on bank loans at the time of starting up while more than 80% use their internal resources. These findings are in line with the results in Giudici and Paleari (2000) who show that high technology Italian SMEs face significant discrimination in their bank loan applications. Likewise, for the UK, using different datasets Canepa and Stomenan (2008), Freel (2000; 2007) , Mina et al. (2013) and Cosh et al. (2009) find that higher levels of R&D and recent innovations reduce the likelihood of gaining access to bank loans. A review that highlights similar findings of the literature for the US and EU firms can be found in Revest and Sapio (2012) . This literature alludes to the fact that more innovative firms are less likely to get financial support from banks.
While the relationship between availability of bank loans and innovation has not been tested in the context of the UK's environmental sector, a report prepared by Eventure Media (2009) Our general expectation is that firms with innovative activities are less likely to receive bank loans.
Hypothesis 1: Firms with innovative activities are less likely to receive bank loans.
Despite the significant discrimination innovative SMEs face, bank loans still remain the most frequently used external source to finance innovation activities of these firms, especially in countries where venture capital markets are not well developed (Cosh et al., 2009 (Hall, 2002; 2005) .
The expectation is that venture capital can help fill the financing gap by providing significant amounts of risk capital to small and young innovative firms, for which bank loans, personal and informal sources of finance are not available or large enough to finance innovation (Kortum and Lerner, 2000) .
In addition, innovative firms need active management support and advice, particularly for technical start-ups where the entrepreneur is a technical specialist without commercial experience. One advantage of venture capital is the expected 'added-value' that the investor brings in the form of strategic advice and management support in terms of capabilities and network of contacts that can be utilised to help develop the firm (Hellmann and Puri, 2000; Hsu, 2004; Zook, 2004 ).
Yet, the effectiveness of VC in supporting innovative firms comes under question in most countries where VC markets lack the depth, experience and sophistication. Dosi's (1990) North et al. (2013) and Revest and Sapio (2012) , amongst others, comment that VC finance is hardly accessible to UK technology based small firms. Mason and Harrison (2004) argue that majority of young ventures in the UK are not investment-ready, meaning that the entrepreneur and the management team lack credibility, the business plan is not well prepared and/or the product/service is not original enough. Moreover, the UK's VC markets, where VC and entrepreneurial firms meet, are characterised as 'thin markets' with significant difficulty for both parties in finding and contacting each other (Nightingale et al., 2009 ).
Furthermore, recent evidence suggests that VC fails to fill the finance gap for firms that undertake more risky and radical innovations. Later-stage innovations close to the point of commercialisation are more likely to be funded by VC than early-stage risky innovation projects. Mazzucato (2011) claims that VC only enters significantly big deals after the firm or the government absorbs the major risks of the innovation project. Gompers and Lerner (2001) and Mason and Harrison (2003) Since VC funding can aid a very small proportion of innovative SMEs, and access to bank loans is limited, governments across the world have been keen to provide direct finance to SMEs in high technology sectors with the hope of boosting innovation and growth of those firms that are below the radar for traditional bank or VC finance (Hyytinen and Toivanen, 2005) . The UK government has implemented a range of different financial policies with this effect, to provide SMEs and start-ups with direct seed funding (Mason and Harrison, 2004; Mason and Pierrakis, 2011; BIS, 2013 These findings are echoed in the context of the UK's environmental sector. To complement private investment, the UK government has extended grants to environmental companies to help bridge the need for investment. Eventure Media (2009) reports that a large 49.6% of technology based SMEs in 9 the environmental sector had received government support or grants. However, they argue the awareness of available support is still low at the firms' end and majority of the grants received were below 10,000 GBP.
In the paper, we investigate the type(s) of innovation activities that make SMEs most attractive when applying for government's innovation finance. Direct government funding to promote innovation in SMEs is often intended to facilitate the practical applications of ideas that emerge from basic research (Martin and Scott, 2000) . Therefore, it is expected that government's innovation finance would be related to applied R&D activities of firms. Therefore, we expect to find a close association between applied research activities and government funding. More recently, a top priority in the distribution of government funds in the UK, as well as in many other countries, has been to support the involvement of SMEs in innovative industry-university and SME-large firm knowledge transfer collaborations (Czarnitzki et al., 2007; Hewitt-Dundas, 2012; Kang and Park, 2012) . We expect the collaborative activities of SMEs to also increase their ability to attract government funding.
Hypothesis 3: SMEs involved in applied research and collaborations are more likely to receive government funding.
Data and Empirical Approach
The empirical sections of this paper serve two objectives. Firstly, through a thorough discussion of the descriptive statistics, we hope to provide evidence on the innovation and finance related characteristics of the SME firms in the UK's environmental sector. This is an important contribution as no previous academic study that focuses on these specific firm group can be found despite the growing interest and emphasis on environmental matters in the UK and Europe. Secondly, we systematically test the three hypotheses outlined in Section 2 of the paper in order to shed light on the relationship between different sources of finance and different types of innovation.
Data
The . While this approach does not rely on a more standard framing methodology (e.g. SIC classification), in absence of such a clear classification, it was deemed to be the most feasible avenue for our empirical strategy. While potential sample selection concerns can be validly raised in relation to our empirical investigations, we tried to mitigate these by asking firms for detailed information on how they describe their activities and cleaned the database by discarding firms that maintain activities unrelated to the environmental sector.
We hope that this study can serve as an initial investigation of the environmental sector SMEs in the UK and future work can refine and improve the definition of the environmental sector as this industry matures and evolves.
The questionnaire design was tested using a small pilot study and the necessary adjustments to the questionnaire were undertaken based on the feedback from these firms. The first wave of the survey was conducted online in October 2011 and firms were sent two additional reminders within a 6 week period. The non-responding firms were, then, contacted via postal mail two times until February 2011.
We had 330 responding firms corresponding to a 19% response rate after taking into account the surveys that were returned in the mail 4 . Responding firms were distributed across all regions of the UK, providing a good coverage of UK wide activity.
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The survey focused on the external finance obtained by the firms, innovative and R&D activities, as well as additional (self-declared) characteristics of the firm and its operation. The FAME database of financial information on UK firms published by Bureau van Dijk was used to provide additional information on the financial statements of responding firms, as well as for undertaking basic checks on respondent information and yielded additional data on firm sales, profits and registration dates.
Industry Analysis and Descriptive Statistics
The literature's empirical findings on the UK's Environmental Sector are highly limited.
Therefore, this section aims to provide preliminary insights into the innovation and finance relationship for SMEs in this sector. Environmental sector SMEs carry increased significance due to the recent rise in the number of small and new technology based firms operating in the UK's cleantechnology field, spanning a range of environmental technologies from alternative energy and materials to energy saving smart electronic household products. These firms are delivering quick and efficient low-energy solutions to the economy (Cullen, 2009; Lee et al., 2009) . Moreover, they conduct a significant amount of the sector's R&D in part due to increasing outsourcing of R&D to environmental SMEs operating at the cross-boundaries with the equipment supply industry (Jacquier-
Roux and Bourgeois, 2002).
In the survey, firms were asked a number of questions that mainly aimed to identify their characteristics, innovative activities, funding resources (if any) as well as their performance. The percentage of firms according to self-declared company characteristics and activities are identified in Table 1 . Accordingly, 33% of companies reported to be R&D companies. We also note 34% of companies provided consultancy and advisory services, either as a solo activity or jointly with other activities such as manufacturing. The majority of companies sold directly to business, and given the low level of export activity (19% of firms), the UK was the major market focus. In terms of technology applications, 48% of companies reported they were involved in "clean-tech" applications and 54% in environmental applications.
<TABLE 1 AROUND HERE> 12
A closer look at the firms' perception of R&D activities in Figure 1 reveals that R&D is highly valued amongst firms as the importance of basic research, applied research and development activities are all rated around 4 out of 5 on average (5 being the highest score). A major difference exists between those firms that consider themselves as specialised R&D firms and those that do not. We find that R&D firms value basic and applied R&D as well as development activities to be more important for their success compared to firms that are not specialised R&D firms. Similarly, purchasing or providing R&D services as well as collaborating with public or private organisations scored higher on R&D firms' priorities.
<FIGURE 1 AROUND HERE>
We also asked firms to rate their entrepreneurial motivations on an increasing scale of 1 to 10 according to the statement, "Entrepreneurial firms are more competitive, growth minded and innovative than other companies". The distribution of these scores is displayed in Figure 2 and reveal that majority of firms in our sample consider themselves highly entrepreneurial.
<FIGURE 2 AROUND HERE>
In relation to finance, Table 2 reports that 49% of firms surveyed have used commercial finance such as bank loans, credit cards and/or equity finance to support their business. 24% of firms used informal sources of capital, which include funding sourced from personal accounts, friends and family or company staff. Approximately 21% of companies obtained funding from public sources such as the UK Government and European Union. Venture capital (VC) funding was secured by 16% of firms despite the increased VC interest in the clean-technology sector internationally.
The most frequently used source of funding by firms in the last three years has been traditional debt finance, used by 30% of companies. This finding is in line with various UK based SME studies on access to finance in other sectors (BIS, 2012; Cosh et al., 2009; Warwick, 2009) . A question on firms' future expectations for external finance reveals an increased future demand overall, including government funding despite the planned public sector cuts (See Table 2 ).
<TABLE 2 AROUND HERE> 13
Methodology
In the paper, we analyse the factors that affect firms' ability to receive different sources of external finance; namely VC, bank loans and government funds. In particular, we use probit models to identify the relationship between firm characteristics, firms' different innovation activities and the source of finance they used.
In the probit model, the dependent variable represents a binary outcome (0/1) for the type of finance obtained. In this case, different probit models are run for equations using different measures of finance received, including VC, bank loans and government funds 5 :
The set of independent variables ,reported in Table 3 include various variables that define the business characteristics, including whether the business is a family business, the entrepreneurial motivations of the company, whether it exports and its age as well as a set of descriptors of its R&D and innovation activity. In particular to the innovation variables, we include proxies for the different stages of firms' R&D activities, namely, basic, applied and developmental R&D. We also control for whether the firm has ever obtained any patents, whether they provide or purchase R&D services and whether they take part in R&D collaborations.
5 This approach assumes that the errors from each estimated probit model are distributed independently and identically with a univariate normal distribution. This assumption of independence of errors terms means that information about a firm's access to a particular type of finance is not related to that firm's probability of obtaining a different type of finance. To check this strong assumption we also ran a multivariate probit model to measure the correlation coefficients between models (cross equation) using different financing outcomes, regressed on the same set of independent variables. A likelihood ratio test for a simultaneous null of zero correlation across equations was not rejected. Similarly correlation coefficients for paired equations were also not statistically significant. Given these results, using multivariate probit would yield inefficient estimates, and the probit results preferred. It is worth noting that the estimates obtained in the univariate and multivariate probit models were very similar.
(Equation 1)
14 <TABLE 3 AROUND HERE> Recent studies have revealed that it is important to control for firms' demand for finance when exploring the determinants of access to finance, since many firms do not apply for external finance at all (Cosh et al., 2009; Han et al., 2009; Kon and Storey, 2003 amongst others) . In our regressions, we control for firms' tendency to seek external finance with a proxy variable constructed by using four finance related questions in the survey. Three of these questions asked firms to rate the importance of (1) access to venture capital and equity-based investment; (2) access to credit and loans and (3) access to government funds, for the performance of the firm. The final question asked firms to rate how important the cost of obtaining external finance is. The proxy for financial demand is determined as a dummy variable equal to 1 if the Likert scale produced from the average of these four individual
Likert measures for the indicated variables is greater than or equal to four, zero otherwise (each Likert item is measured on scale from 1 -not important to 5 -critically important). To be considered as seeking finance; the firm must, on average, respond to these four measures with at least a score 4-'very important' 6 . Table 4 shows the variables used to construct the 'financial demand' proxy. An initial look at this proxy variable, as reported in Table 5 , indicates that firms with higher financial are more likely to receive venture capital, bank loans and UK funding, reflecting the greater willingness to seek out and apply for funding.
<TABLES 4 and 5 AROUND HERE>

Results
In order to test the hypotheses set out in Section 2, we use the Probit model in Eqn. 1 and investigate the associations between firms' different innovation activities and the different external sources of finance they received. The estimation results are reported in Table 6 for each different source of external finance.
6 Alternative calculations for this financial demand proxy were also considered, such as using the first principle component, provide very similar results but have more abstract interpretation.
<TABLE 6 AROUND HERE>
We first start by discussing the case of the most commonly used source of external finance by the SMEs in the environmental sector: the bank loans. Our results are in agreement with the common finding in the literature that larger firms (i.e. with higher levels of sales in Table 6 ) are more likely to receive bank loans. The results related to the innovation variables reveal that bank loans, at best, do not impact the firms' ability to receive finance. In the case of firms with developmental R&D activities and interests, there is even a lower likelihood of receiving bank loans. It is also worth noting the negative, yet insignificant, signs on most of the innovation variables, including applied research, patents and firms' collaborations with other companies and universities. These findings are broadly in agreement with the literature, which confirms that innovation activities are not particularly attractive to banks; and may even deter bank lending and offer support to the statement in H1.
The next source of finance we explore is the Venture Capital (VC) finance. As discussed in Section 2, VC is commonly described as the most appropriate source of finance for innovative companies despite rising concerns that VC is only supportive of a small subset of innovative activities, namely late stage and low risk innovations that are closer to commercial markets. Our results confirm these concerns by showing that it is only the latest stage of R&D (i.e. developmental R&D) that makes firms more likely to receive VC funds. Earlier and potentially more risky stages of R&D (i.e. applied and basic) that are further from the point of commercialisation are not associated with VC funding.
We also note the positive significant impact of the patents the firm holds upon the ability to receive VC funds. This goes to confirm that patents act as a signal to VC funders and reduce the uncertainties and risks associated with identifying truly innovative firms. These findings confirm that only laterstage, lower risk innovations are able to attract VC finance, confirming Hypothesis 2.
Finally, we consider which types of innovation activities increase the likelihood of environmental sector SMEs to receive UK government grants. The results indicate that patents are a significant attraction for government grants. We interpret this as a confirmation that patents act as a signal to the governments in the selection of the most promising innovators and similar findings can be found in Wallsten (2000) . Amongst the different stages of R&D activities, government funds appear to focus on the middle stage, applied R&D activities while there is also evidence (at 10% significance level)
that firms that collaborate with universities are more likely to receive innovation funding from government sources; a manifestation of the UK Government's ongoing encouragement for universitycompany collaborations through provision of financial support. These findings extend support to H3.
These results point to a division of labour amongst the funders operating in the UK's environmental sector: The banks largely stay away from the innovative SMEs; whilst Venture Capital funds finance a limited portion of innovation activities that are late-stage. Government funds aim to fill the gap by financing the middle stage innovation activities covered by applied R&D. More risky and less applied (i.e. more basic) innovation projects of SMEs in the environmental sector, however, struggle to receive any external finance and may well have to rely on firms' internal resources in the form of owner/staff finance and retained profits. While a division of labour amongst funders is clearly natural and even necessary; it is concerning that firms with less applied and early stage innovation ideas are not able to receive external finance. The lack of external finance for firms engaging in basic R&D, is an issue common to SMEs in many sectors, but remains a critical problem if environmental SMEs are to achieve a strong contribution to the wider environmental innovation system of the UK .
Discussion and conclusions
The aim of this paper has been to investigate which different financing channels currently support the different innovative activities of small and medium sized enterprises in the UK's environmental sector. There is a clear need to develop a robust innovation system that can deliver solutions to the pressing national and international environmental challenges and to develop the environmental innovative capabilities to maintain leadership in the 'green race' (Fankhauser et al., 2013) . Setting up the appropriate system of financing for innovative SMEs is a vital part of this challenge.
In this paper, we find that bank loans, the most commonly available form of external finance, are not supportive of SMEs' innovation activities in the environmental sector. Indeed, we have some The government funds provided to SMEs in the environmental sector are found to favour those with applied innovations. In this respect, the government appears to be more risk loving than venture capitalists, as it is willing to concentrate on comparatively early stage innovations. However, there is a finance gap related to the earliest stages of research that are more 'basic' and 'less applied' in nature and inherently involve higher risks. No source of external finance is willing to support SMEs with these less applied and riskier innovation ventures. While internal resources and retained profits are a way of financing basic research activities, it is clear that a very high majority of SMEs lack the necessary internal resources to do so. While this is not an uncommon problem, it highlights a major barrier in the way of UK's ambitions to become a world leader for environmental innovations and clean technologies. Investments into basic R&D are necessary to maintain absorptive capabilities in the knowledge underlying the more applied research. Its absence will lead to a shortage of fruitful ideas that can be turned into commercial success through applied and developmental research. We would recommend the government finance to also extend support to the earlier and more basic stages of R&D activities in order to address this finance gap. A greater government commitment towards environmental innovations would not only assist SMEs with early stage innovations but also instil confidence in banks and VC to invest in to innovative environmental SMEs. ------------------------------------------------- Note: Reported coefficients are marginal effects. Statistical significance, * at 10% levels; ** 5% levels; *** at1% levels. N = 233, as some firms did not disclose sales data this reduced the sample size for the regression analysis. Estimates without including sales as a variable produce similar results.
